This study was conducted to evaluate the effect of three types of nutrient solutions on the development, performance, quality and cost of chonto tomato (Solanum lycopersicum L.) under semi-controlled conditions. The assessment was conducted in the farm Tesorito, Manizales, Colombia. An experimental design was established in randomized complete blocks (RCB), with 3 treatments, 4 replicates per treatment and 10 effective plants per replicate. The variables were: height of the first cluster, production per plant, yield t ha-1 and qualities of the fruit. The economic variables were production costs, cost-benefit ratio (C/BR), rate of return (IRR) and net present value (NPV). In general, production per plant was greater than 4.7 kg plant -1 and the average yield was 92 t ha -1 . The use of conventional fertilization (tt2) generated increased production of premium quality fruit with a value of 37.11 t ha -1 , demonstrating that conventional soil fertilization implemented in this culture under semi-controlled conditions in the company of drip irrigation system in the root zone improve outcomes of productive variables, increasing profitability and competitiveness with a net profit of USD$ $ 25203.68 ha -1 , with average selling price of USD$ 0.45 per kilogram and a unit production margin of USD$ 0.21 per kilogram, making this technology attractive and economically viable.
Introduction
Tomato demand continuously increases and encourages the different links in the production chain to its adoption, which represents one of the horticultural crops with the largest socio-economic impact worldwide (Testa et al., 2014) . In Colombia, the surface of tomato production for 2013 was 16470 ha with 683538 harvested tons (FAOSTAT, 2015) and production under shelter has grown over the last decade, with the respective derivation of the need for more knowledge and research related to its production system (Jaramillo et al., 2007) .
Tomato production is common in almost all areas of the country; however, it is concentrated mainly in the departments of Cundinamarca, Norte de Santander, Valle de Cauca, Boyacá, Huila, Antioquia, Risaralda and Caldas (Miranda et al., 2009 ). Tomato crops under shelter has grown spectacularly in Colombia, mainly in the municipality of Sutamarchán and the province of Ricaurte (Boyacá), where in recent years the area planted has increased up to 1009 ha under shelter.
According Perilla et al. (2007) , tomato production in Colombia has been characterized in recent years by a good growth rate, as a result of improved commercial channels and the modernization of crops. Technological improvements of crops are represented in greenhouse production, implementation of strategies for integrated pest management, nutrition and use of good agricultural practices.
Thus, the need to optimize resources arises, in which plants are grown in a nutrient solution, with or without a substrate as a means of support. For tomato plants to grow without nutritional limiting nutrients, the nutrient solution should have a pH of 5.5 to 6.5, an electrical conductivity (EC) of 1.5 to 3.5 dS m -1 and ionic dissociated mineral nutrients in proportions and concentrations that avoid precipitates and antagonisms (Sanchez-Del Castillo et al., 2014) . The plant modifies nutrient intake according to their stages of growth and development, climatic conditions (temperature, intensity and quality of light and relative humidity), fruit load, EC, dissolved oxygen in the nutrient solution, flow of the nutrient solution and pH (Sonneveld & Voogt, 2009 ). Thus, the proportions and concentrations of ions in the rhizosphere are changed, but EC increases which is corrected with a overwatering generating a drain of 10-40% (Lieth & Oki, 2008) .
Fertilizers are increasingly expensive and represent a high percentage of the production cost in production systems with nutrient solutions (Huang, 2009) . As part of the called sustainable agriculture, fertilization is conceived as the rational application of fertilizers while respecting the environment; in the process of fertilization, dosage of organic and mineral fertilizers should be done in such a way that they complement natural resources based on proper diagnosis of soil, plants, irrigation water and the use of new technologies for the split application of fertilizers (Vallejo, 1999) .
The aim of this study was to evaluate the effect of three types of nutrient solutions applied by the irrigation system on the development, performance, quality and cost of chonto tomato (Solanum lycopersicum L.) under semi-controlled conditions in the Colombian Andes.
Materials and Methods
The study was conducted in Tesorito Farm of the University of Caldas, from May 2013 to January 2015, located in the city of Manizales, Department of Caldas (Colombia); with a height of 2340 m, annual average temperature of 17.5 ºC, relative humidity of 78%, annual rainfall of 2000 mm, sunshine per year of 1473 hours (Anuario Meteorológico Cafetero, 2013) and Andisol soils derived from volcanic ash with Sandy Loam texture rich in organic matter. The commercial hybrid of "torrano" tomato type chonto from the company Semillas Arroyave was used, which presents indeterminate growth, excellent vigor, resistance to nematodes and alternation and maturity of the first fruits of 70-75 d after transplanting (DAT) (http://www.semillasarroyave.com). Plantlets of 30 d old were used for transplantation, from plastic trays of 128 alveoli, using peat (Sphagnum enriched) as substrate.
The assessments were established under semi-controlled conditions with Agroclear® plastic shelter and the soil with Agromoulch X® plastic cover (black/black) in two greenhouses modules 12 m × 40 m (480 m 2 ) in "chapel gable" with a structure made of guadua, in a total area of 960 m 2 . Planting distances used were 1.4 m between rows and 0.4 m between plants for a total of 19231 plants per hectare.
The treatments were: 1) Total soil fertigation. Implementation of all elements required by the crop (soil as substrate). The elements required by the plant were applied from the time of transplantation regardless of soil analysis; as conventionally, soluble sources were used with irrigation frequency of twice a week with different intensities, depending on the physiological stage (Table 1) .
2) Conventional or soil fertilization every 20 days type farmer + application of water through the irrigation system. The mixture of minor granulated sources of N-P-K + required by the plant in each physiological state were used in the soil from the time of transplantation, starting with 25 grams per plant -1 , irrespective of soil analysis, considered conventional, increasing five grams per application every 20 days; the water required was used with a frequency of two weekly irrigations with different intensities depending on the physiological stage (Table 1) .
3) Soil fertigation. Application of nutrients according to soil analysis and crop nutrient extraction. The elements required by the plant were applied from the time of transplantation considering soil analysis. Soluble sources were used; the frequency of irrigation was two per week with varying intensity depending on the physiological stage ( Table 1 ).
The assessment corresponded to an experimental design in randomized complete blocks (RCB) with three treatments (Table 1) . Two tanks with capacity of 2000 lt each were used, facilitating the preparation and distribution of nutrient solutions. With an efficiency of irrigation system 90%.
Drip irrigation was used with distance between droppers of 30 cm and average capacity by dropper of 30cc minute -1 , applying irrigation depth according to the phenological phases of the crop, beginning in the first weeks for each plant with 0.2 L day -1 and finishing with 1.5 L day -1 .
The density was 6.5 plants per m 2 and plastic fiber props with top sustained greenhouse structure were used. As the plant was growing, the prop thread was adjusted and the plant was de-suckered and defoliated. Cutting of the apical bud of the plants was made when these reached the height of the prop thread (2.5 m).
Harvest started 103 days after transplantation, removing the fruit from the peduncle and leaving the calyx. The harvest index used was the degree of fruit maturity of more than 90%. The collection was done twice a week for 80 days for a total of 20 passes in the production cycle.
The variables evaluated were height of the first cluster, total yield (kg), production per plant (g) number of fruits per unit area (sum of 17 cuts) and average fruit weight (g), quality (premium, first, second, < 60 g), and loss percentage.
For the analysis of production costs, a log of agronomic work was carried and efficiency was evaluated considering the time for each job to be executed. All values in the calculation of production cost were quoted in Manizales, Caldas, in the fourth quarter of 2015. Market prices in Manizales for 2015 were used as a reference for costing. The reference price for the calculation of the C/BR was performed with the average price per kg in the markets of the region in the last three years (2013, 2014 and 2015) .
The concept of operational cost (Hoffmann et al., 1987) was used for the definition of production costs, which includes all production costs, without taking into account the interests of invested capital. Thus, it was possible to achieve production costs and cash flow on the basis of which the profitability of the crop were considered, guiding the product to the local market.
For the characterization of production costs, records were carried on a cost spreadsheet adopted from the model by the Corporación Colombia Internacional-CCI [International Colombia Corporation] ) with the exchange rate reported in the fourth quarter of 2014 according to the Bank of the Republic of Colombia.
The same technological level was considered in the estimates of production costs, maintaining the proportionality of hours spent with manual labor and the quantity of inputs. Technical coefficients (man-day hours and the number of inputs) were based with workers efficiencies in Tesorito Farm. The costs are divided into two parts as follows:
Manual operations: the average value of USD $10.71 per day of service (man-day) was considered, equivalent to the remuneration paid to rural workers in the region, not including contributions to social security since, in general, the activity is carried out by family manpower or hired labor in specific seasons.
Inputs: the average price among major distributors in the region was used.
Cash flow of the investment: after defining production costs (Table 1) , the cash flow was estimated considering an investment of eight months. Values are expressed in US dollars per hectare at the time of the investment. CPI (consumer price increase) of 2.94% from January 2013 to January 2015 was used for calculating the adjustment to the value of some inputs; FTD values, inflation and uptake values from the Bank of the Republic in 2015 were taken into account for calculating NPV and IRR.
Gross income, net income, production costs and economic indicators for each introduction such as the production unit margin, cost benefit ratio, rate of return (PUM, C/BR and IRR) were calculated to analyze the profitability of the crop.
The data obtained were evaluated by analysis of variance using SAS statistical software (SAS Inst. Inc. Cary, NC); further, comparative average tests were conducted by Duncan's test at significance level of 5%. Normal test was performed by Shapiro Wilks.
Results and Discussion
Production costs for one hectare for each of the treatments were similar up to the beginning of fertilization, this because both cultural practices and inputs used have similar costs. The main variation was in the category fertilizers, specifically associated with fertilizer costs (Table 2 ). To estimate calculations of total costs per hectare were taken into account: cost of labor, greenhouse amortization cost for a total of six lifecycles; also it was taken into account the amortization cost for the structure for irrigation and inputs. The highest production cost is the total soil fertigation treatment (tt1) with USD $ 31790.35 ha -1
; the share of the costs of fertilizers was 14.79% higher than the other two treatments evaluated, due to the elements required by the plant being applied from the time of transplantation regardless nutritional balance calculated with soil analysis conventionally (Table 2), followed by soil fertigation treatment (tt3) and conventional fertilization (tt2) with shares of 10.18% and 8.53% of total costs respectively (Table 2 ). For each of the treatments, share rates in labor were similar with 19.90%, 21.93% and 20.97% respectively, mainly due to obtaining equal yields with 85820 kg ha -1 , 94670 kg ha -1 and 95450 kg ha -1 respectively (Table 3) . Testa et al. (2014) obtained an average production cost of USD $ 229.570 for cherry tomato grown in 30 greenhouses. Note. * Values followed by different letters differ significantly (P < 0.05) according to Duncan's test.
The category with the largest share in production costs for all treatments evaluated were the general inputs such as seeds, plastic mulch, agrochemicals, fertilizers and amendments, which ranged between 39.91% and 42.49% of total production costs.
Amortization costs per cycle of 8 months of greenhouse varied between 8.01% and 8.12% of total costs, ranking fourth in terms of costs. Meanwhile, higher production costs in these materials is due to the high demand for labor for the work of propping and harvesting mainly (Table 4) . In a study by Perilla et al. (2011) , with the aim of characterizing the social, technical and economic conditions of the production system of tomato in greenhouse in the municipalities of Guateque, Sutatenza and Tenza in the department of Boyacá (Colombia), they emphasize that the total cost of labor for crop maintenance reaches USD $13821 ha -1
; for our study, maintenance reached values of USD $29187.3 ha -1 . These same authors highlight harvest as the operation of the production process which involves higher cost, since this is done twice a week and a considerable amount of labor is used in it, similar to that developed in this study, amounting to USD $11182 ha -1 three to four days of labor. Similar results were obtained by Testa et al. (2014) , evaluating cherry tomato production in 30 greenhouses in Italy.
No significant differences were observed form the evaluation of yield components (P < 0.05) according to . Meanwhile, the total soil fertigation treatment (tt1) showed a mean behavior with value of 85.8 t ha -1 (Table 3) .
For the variable premium fruit quality, total soil fertigation (tt1) and soil fertigation (tt2) stand out with 37,11 t ha -1 and 36.34 t ha -1 respectively. The behavior was opposite to the conventional fertilization treatment (tt2), with lower values of 32.6 t ha -1 . Similar behavior was for the first and second qualities. As for losses, soil fertigation treatment (tt3) presented the highest values of losses with 24.4 t ha -1 (Table 3) .
For fruit losses, two factors influenced in the production system as were the physiopathy known as fruit zipper and damage caused by the tomato moth (Tuta absoluta Meyrick), increasing the losses in production peaks. According to Dannehl et al. (2012) , climatic conditions under greenhouse conditions significantly promote the accumulation of lycopene by 46%, carotene by 35%, phenolic compounds by 16% compared to tomato plants grown in conventional manner to free exposure, increasing yields and qualities of the fruit and the health of the fruit. Preciado et al. (2011) evaluated different organic nutrient solutions in greenhouse tomato production, obtaining the highest yield of fruit by using fertilization with inorganic nutrient solution, followed by fertilization with vermicompost tea. The plants fertilized with vermicompost leachate produced the least amount of fruits of all treatments (42% compared to the Steiner nutrient solution). Thus, organic nutrient solutions can represent an environmentally friendly alternative compared to conventional nutrient solutions in the greenhouse production of tomatoes.
Economic Viability of the Investment
The conventional fertilization treatment (tt2) gave the best net income with USD $25203.67 ha -1 , reflecting a high potential, followed by soil fertigation treatment (tt3) with USD $23044.48 (Table 2 ). Evaluating two tomato planting systems under controlled conditions, Perilla et al. (2011) obtained a net income of USD $15151.32 for the model of planting in soil, surpassing the net income of the seeding-in-bag system USD $5485.23, attributing this difference to productivity per m 2 in each system (higher population density). Testa et al. (2014) , showed a net income of USD $2523.29, a figure that highlights the modest income for farmers in the conditions of Sicily (Italy). According to the same authors, this is due to structural and commercial problems of cherry tomato farms under controlled conditions that adversely affect their export potential and competitiveness; in addition, the small size of farms and their production process limit a higher degree of mechanization in farming operations, with a negative impact on the price of production, also hindering the introduction of technological innovations. Consequently, the marketing of tomato is practically limited to local and regional markets, as it happens in other production areas.
According to the cost benefit ratio thrown by the analysis adopted (Table 2) , the treatment with conventional fertilization (tt2) is the one with higher returns, followed by the soil fertigation treatment (tt3), standing out as financially attractive opportunities for an investor in this type of production system. In assessing the efficiency of the investment (RR), the treatments with conventional fertilization (tt2) and soil fertigation (tt3) showed an efficiency of 84% and 70% respectively, closely to the cost benefit ratio obtained. Perilla et al. (2011) , obtained a C/BR between 1.36 and 1.14 economically evaluating greenhouse tomato crops in two categories -in soil and in bag-, constituting a profitable operation, since they exceed by far the money return ratio (opportunity cost) offered by the financial system through the interest rate of opportunity, expressed in the FTD benchmark at 90 days (fixed time deposit). Thus, the economic analysis shows the fragility of the economic sustainability of the system, due to the change in prices of the product and in regard to the impact of unpredictable increases in input costs.
The treatments evaluated showed positive results in revenue generation comparing these investments to other interests of opportunity, as is demonstrated by calculating the VPB at an interest rate of 6.20% E.A. and inflation of 2% for 2009 (Table 2) . Gains of USD $17521.78 were estimated for the total soil fertigation treatment (tt1). Conventional fertilization (tt2) and soil fertigation (tt3) had higher earnings of USD $22979.21 and $20,895.14 respectively, this hypothesis is supported by the IRR, which exceeds the value of interest of opportunity in the three treatments, indicators that determine that the project complies with the basic objective of the producer which is to maximize investment; it also shows economically that treatment 2 generates the best results.
Conclusions
The conventional soil fertilization implemented in this culture under semi-controlled conditions in the company of a dripping irrigation system in the root zone improves the outcome of productive variables, increasing profitability and competitiveness. The indiscriminate use of fertilizers without interacting with soil analysis and crop nutrition as in the total soil fertigation does not increase in production, quality or performance of crop.
